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@ Production of gas mbcturee containing hydrogen and cartxm monoxide. 

@ A process for producing a gas mbdure containing hydrogen 
and carbon monoxide, comprising: endothermic reaction of one 
or more organic compounds with steam and/or cartxxi dioxide at 
a temperature of 700 to 1 SCXTC and a pressure of up to 80 ban 
and partial oxidation of one or more gaseous fuels with an 
oxygerKxxitaining gas in the presence of steam whereby a 
gaseous product Is produces and themnal energy for said 
endothermic reaction is provided. 
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SBOODCFXGN OF GAS HLXiUKKS OOCnS^INIMQ 

N AND CABBCN tCNGKIDB 



Obe present invention relates to the production of gas 
xnixtxires containing l:^drogen and caxbon moncKide by endotherznic 
reactioi of organic OGcqpounds with steam and/or cadDcn dioxide 
at teonperatures of 700 to 1500 and pressures i:p to 80 bar 
5 utilizing thenoal energy recovered from the partial oxidation of 
gaseous fuels to carbcsi ncsioKide and hydrogen. The endotherxnic 
rea c ti o n of organic coopounds vdth steam is described in "Ency- 
clopedia of chemical technology" by Kirk-Ottner (3rd edition, 
1980); Volune 21, page 543. 

10 Endothermic thermal or catalytic reaction of organic com- 

pcunds, especijally hydrocarbons, in the presence of steam and/or 
carbon diooride to produce carbon manoxide and hydrogen is an 
established reaction vdiich is operated industrially using 
various pr o ce s ses. Such a process can be carried out in a 

15 tcdbular reactor, the necessary heat of reaction being sigplijed 
via heat transport through the walls of the tubes or in a rosdium 
of externally heated solid heat exchanger material e.g. fixie 
grained solid vfhich is used in a f luidized bed. 

Olhe known processes necessitate involved technology and 

20 exhibit lew thermal efficiency. 

In the autothermic partial oxidation of organic coopounds, 
the nece s sary thermsQ. energy is sc^lied by the process itself 
via partial ccct x istion of the organic feedstock. OSiis technique 
is also technically involved as wall as requiring ooc^gen. 

25 An object of the invention is to increase the thermal 

efficiency of the conversion of hydrocarbons into synthesis gas 
thereby enabling the areaction of the carbon conpounds with an 
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optinBa or near optimal coarisinqption of energy and materials in 
the namifactmre of synthesis gas frcm gaseous fuels. 

In accordance with the present invsition, there is provided 
a process fcr producing a gas mixture containing hydrogen and 
cariDon manoxidBr oatprising: endothermic rea c t i m of one or more 
organic oonpounds vriLth steam ancl/or caiixan di ox i d e at a tem- 
peratm» of 700 to 1500 **C and a pressure of xjp to 80 bar; and 
ppr^-^^T oscidation of oaie or nore gaseous fuels with an oxy- 
gen-cosrtaining gas in the presence of steam and/or caj±on 
^iift^iA> yOvsr^ a gaseous product is produced and thermal energy 
for sa i <^ endothermic reaction is provided. By-products and waste 

frcm rh°m^^^T synthesis and natural gas can be enplcyed 
as the organic oonpounds and/or the gaseous fuels. 

The OKygenr<3oaataining gas may be pure oxygen, air or mix- 
tures pure oxygen and air. 

m view of the depletion of oil reserves, the paartial 
ODcidation of gaseous fuels to synthesis gas, v*iich is a 
feedstock for nery chemicals, is a subject of growing interest. 

Ohe partial oxidation of gaseous feedstocks can take place 
ax3oarding to various estabHshRfl processes. 

Ohese processes include the Shell Gasification Process. A 
ocnprehensive survey of this process can be found in the Oil and 
Gas Journal, Septenber 6, 1971, pp 85-90. 

ThB oxidation of gaseous fuels is usually carried 

out at tenperatures around 900 to rcu^y 1600 '^C, preferably 
1100 to 1500 •'C and pressures tip to 100 bar, preferably 5 to 100 



As a consequQice of the hi^ partial oxidation tenperature 
and the use of gaseous fuels as feedstocks, the resulting synr- 
thesis gas contains no ash, slag, soot or tar, thereby elimi- 
nating the necessity of using expensive purification steps. 
Raised pressure, high tenperature and a gaseous feed lead to a 
hi^ degree of conversion and relative to the volume of the 
< p c> ifi r^^inn c*anber, they effect a high specific throughput. In 



-3- 0168892 

the majority of plants in v^ch synthesis gas cxsxverted into 
products such as amcnonia, Qxo cccpounds, nethanol or pr od uc ts 
fr om the Fischer-Trqpsch synthesis or the coal hydrogenation and 
\diich operate tender pressure, a considerable part of the 
investment required for the ccnpression can be saved on partial 
oxidizing gasecxis fuels under pressure. Ccnpared to the 
established gasification processes in vAiich ash-containing fuel 
is employed or vdiich operate omder normal pressure, the pressure 
partial oxidation of gaseous fuel permits a considerable saving 
in the manufacturing costs of synthesis gas. 

ThB process according to the invention enables the jjse of 
the sensible heat of the gas for the endothezmic reaction of 
organic compounds with steam and/or carbon dioxide, is vised to 
cool the synthesis gas. 

In accordance with a preferred enbodiment of the invention 
on leaving the partial oxidation reactor thB hot synthesis gas 
is iimediately brought into contact with the organic conpounds 
to be reacted with steam and/or carbon dioxide i.e. preferably 
in a f luidized bed-containing reactor. 

With the process of the invention, it is possible to 
co n du ct the partial oxidation of gaseous fuels, under pressure, 
with optimal heat recovery in the waste heat system whilst 
utilizing the highest possible tenperature gradient. There is m 
blockage or baking in the imits vAiich are located after the 
gasifier, especially in the apparatus for recovering the waste 
heat. The endothermic reaction of the charge consisting of one 
or more organic conpounds heis a cooling effect on the synthesis 
gas. The process of the invention leads to the focmation of an 
increased amount of synthesis gas as carbon monoxide and 
hydrogen result from the endothermic reaction between the 
organic ocnopounds with steam or carbon dioxide. 

Hydrocarbons or oxygen-containing conpounds are 
particularly suit^le as organic conpounds to be converted into 
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ryyifte and hydrogen via the endothennic jj eact io n vdth 



a dicadde, and/or the partial ooddation vdth 
an oB^gen-oontaiiuiig gas. Scub examples are methane, ethane, 
eUylene, propane, propylene, butane, txitylenes napihtha, 
gasoil, flashed distillate, deasphalted oil, ai^ nonra^oott- 
ta-in^r»g fuel, methanol, ethanol, prcpanol, ftmmlrtfthy de, 
aoetaldelydB, propionald^de, butyralddryde, aoetone, methyl 
etl^l ketone, diethyl loetone, diprqpyl hetones, dimetl^rl ether, 
rostlyl ethyl ether, diethyl ether, propyl fonnate, butyl 
fbmate, fbandc acid, acetic acid, propionic acid and phenols 
(arcnatic l^drooy ocnpounds) . Biey are reacted either alone or 
as a ndxtare of any quantitative and qualitative ocsntent. 

Bib endothennic reaction and/or the pa r tia l oscidaticn are 
particularly suitable for the by-products of those syntheses 
%diere synthesis gas is used as feedstock. 

For exanple, in the Fisa«r-Jrrqpsch synttesis Ixxier hydro- 
caiixjns or axygen-ccwtaining ocnpcunds are ctotained as by-pro- 
ducts. Ethers and -other oo^genroonpounds are fanned during the 
methanol synthesis, ^diile branched aldehydes and hydrocarfxaas 
result as by-products of the olefin hydrofamylation. 

•Stais, the ory'-'i TTa^'^''^ of the partial oodda t io n with a 
cbenical synthesis is of particular interest. If the noorrequired 
or landesired by-products are at least in part recycled on removal 
frcm the synthesis stage to the endothennic reaction stage to 
produce lydrogen and synthesis gas, then the yields relative 
to the cariaon feed and the thermal efficiency of the ocnbined 
processes will be m 



Ite plant consists of a synthesis gas production 



products. Control of the process as well 

nal 



inprovBd in accordance with the 

the undesired lew boiling by-products of 



the total yield of 
can be markedly 
of the invention, 
synthesis, e.g. 
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methane as well as and part of the hydrocaiixns, are 
recycled with water and/or carbon dioxide to the endothenraLc 
r ea c tio n stage vdiexe they are converted via an endothennic 
reaction to caxfaon monoxide and hydrogen. While the thenral 
efficiency of the ootbined partial oxidation, synthesis and 
final processing steps (including the energy reguirenents of the 
ocnventional process) i.e. without recycling the Fischer^-Tropsch 
hy-products, amounts to roughly 58%, the thermal efficiency 
of the prcxsess of the invention increases to rou^bily 64% on re- 
cycling the by-products. There is a similar situation with 
oxygen-oontaining by-products of the Pischer-Tropsch synthesis, 
in particular with lower ald^des and alcohols. 

Utilizing the heat content of the synthesis gas leaving the 
partial oxidation, which can be at a tenperature up to 1600 **C, 
incxestses not only the yield of valuable products on reacting 
the lew-value by-products with steam and/or CO^ to carbon mono- 
xide and hydrogen but also considerably sinplif ies cperation of 
the process. The endothermic reaction of the carbcn-oontaining 
ccnpounds with steam and/or can still proceed at a 
sufficient irate at only 800 

Positive results are achieved with ^11 syntheses with 
carbon monoxide or a synthesis gas feedstock. HhB significance 
of the invention is therefore not limited to the conbination of 
synt he sis gas production with the Fischer'-Tropsch--sfynthesis. It 
also enconpasses in the same jnay the oocbinaticn of synthesis 
gas production with methanol synthesis, Qxo synthesis or other 
processes which are based on a carbon monoxide or a carbon 
monoxide and hydrogen feed. The same applies to processes for 
the hydrogenation of ooal under pressure where the hydrogen for 
the hydrogenation is produced by partial oxidation of fuels 
e^)ecially coal or solid-containing high boiling hydrocarbon 
fractions v*iich are obtained from the coal hydrogenation. 
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It is particularly worth nEntioning that, the process 
according. to the inventijcn, does not merely permit the utili- 
zatixn of the by-products frcm chemical synthesis but also the 
use of carixm dioxide, which always results from the autothennic 
gasification of fuels and/or subsequent GO-shift reactions. 

The endothermic reaction of organic ocnpounds witii st e a m 
and/or CDj <=a» occur at tenperatures as lx*r as 800 ^C. OJius, the 
quantity of the organic ccopounds and therefore also the 
quantity of water and/or carbon di gy ide is determined by the 
tenperature of the synthesis gas leaving the r e a c to r . For eaA 
gramnatom of carbon of the organic coopound, at least 3 moles, 
usually 4 to 6 noles of water and/or csoAxyn dio xid e are intro- 
duced* 

The esctent of the increase in thermal effi c ie n cy and yield 
of value products in connected plants, which acooocding to the 
invention consist of partial oxidation and endothermic reaction 
units, depgnflf? on the prevailing conditixzis, in particular on 
reaction conditions , products and the efficiency of the heat and 
product recovery plants. 

In suninary the invention relates to a process for the 
production of a gas mixture containing hydrogen and c a rh c m 
monoxide via the endothermic reaction of organic conpounds witii 
steam and/or carbon dioKicte at ca. 700-1500 and pressures yjp 
to 80 bar. Tlhe process is cdiaracterized by the fact that the 
^^>lomla^ energy required for the endothermic reaction is obtained 
from the sensible heat of the carbon mooaoocide/hydrogen mixture 
resulting from the partial oxidation of gaseous fuels with 
oxygen or oxygen-containing gas mixtures in the presence of 



Preferred enbodiments of the invention are sumooarized as 



in \diicdi 
organic 



1. Process as 
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2. Process as described hereinbefore in \tfhidh the endotherxnic 
reaction of the organic caqpounds ensues in a zone situated 
after the gasification zone. 

3. Process as described hereinbefore in v^hich the ccnpounds to 
5 be endothenoally reacted are preheated together with steam 

and/or carbon dicocide before entering the reaction zone. 

4. Process as described hereinbefore in vihich saturated or 
imsaturated hydrocai±cns vdth 1 to 3 carbon atans axe enployed 
as the organic cc np o u nds> 

^0 5. Process as described hereinbefore in \«hic^ the products of 
the Fischer-Tropsch, nethanol or Qxo synthesis can be employed 
as the org a nic cccpounds. 

6. Process as described hereinbefore in vdiicdi the endotherxnic 
reaction between tlie or g an ic ccnpounds and steam and/or carbon 

15 dioDd.de is carried out in a fluid bed reactor in vihich a 
tenperature of 800-950 is advantageously maintained by 
rooting the organic compounds and at least part of the hot 
p rod uc t gas from the partial oxidation reactor together with 
steam and/or tbrou^ a fluid bed of partixailate catalyst. 

20 7. Process as described hereinbefore in which the endothermic 
reaction between the organic ccnpounds and steam and/or carbon 
dioxide is carried out in a fluid bed reactor in vdiich a 
tenperature of 800-950 is advantageously maintained by 
routing the organic ccnpounds together with steam and/or carbon- 

25 dioxide throu^ a fluid bed of paarticulate catsdyst, which 

catalyst has been indirectly heated by means of at least part of 
the hot product gas fr om the partial oxidation reactor and 
thereafter has been recirculated to the endothermic fluid bed 
reactor. 

30 8« Process as described heareihbefore in vdiich the endothermic 
reaction between the organic conpounds and steam and/or carbon 
dioQcide is carried out in a fluid bed reactor in which a 
tenperature of 800-950 ®C is advantageously maintained by 
routing the organic oonpounds together with steam and/or carbon 



-8- 0168892 

dia?cide through a fluid bed of particulate catalyst \^ch is 
ixKfUxectly heated by means of at least part of the hot product 
gas fr on t the partial oxidation reactor being passed through at 
least one pipe situated in the fluid catalyst bed. 
9* Process as described hereinbefore in vihich the endothermic 
reaction between the organic ooBpaoDds and steam and/or carhon 
dioxide dLs carried out in a fixed catalyst bed situated in at 
least one pipe in ^f^h±c±l a tecperature of 800-950 is 
advantageously maintained by routing at least part of hot 
product gas from the partial oxidatian along the pipe(s) • 

10. Srocess as described hereinbefore in vdiich the endothermic 
reaction between the organic ocarpounds and steam and/or carbon 
dioxide is carried out in a fixed catalyst bed situated in at 
least one pipe in \«hich a tenperature of 800^*950 is 
advantageously maintained by means of at least one heat transfer 
medium, e.g. liquid metal or a fluid bed, vihich meditim has been 
heated by means of at least one other pipe through whicfo at 
least part of the hot product gas from the partial oxidatian 
reactor is passed. 

11. Process as described hereinbefore in vAiich at least one 
gaseous by^-pcoduct from at least one synthesis vihere synthesis 
gas is used as feedstock, is burnt in a gas turbine and at least 
part of the hot exhaust gas from the gas turbine is used for 
preheating at least part of the organic cGnopounds to be reacted 
with steam and/or carbot^ dioxide, at least part of the gaseous 
fuel to be partially oxidized azKi/or at least part of the steam, 
carbon dioxide and/or co^gen-containing gas to be used in said 
3ceactions* 

12. A process as described hereinbefore in ^shich at lesist part 
of the hot gas from the partial oxidation reactor and/or at 
least part of the hot gas obtained by the reaction of one or 
more organic cGopounds vdth steam and/or carbon dioxide is 
passed together vd.th one or more ligbt hydrocarbons, an 
oscygenr-ocntaining gas and optionany steam and/or OO^ to a 
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catalytic partial cKidation unit: in order to increase the ancunt 
of synthesis gas produced. 

By the process according to the invention and it:s preferred 
eoobodiments the following advantages are obtained over the prior 
5 art processes: 

1) a better yield of synthesis gas; 

2) an increased ^/CO ratio in the synthesis gais obtained; 

3) a lower usage of oocygen per m"^ of syngas obtained; 

4) a lower coital cost of the plant for the production of GO- 
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CLAIMS 

!• A process for producing a gas mixture containing hydrogen 
and caifbcxi nanaxide, ocnprising: endot hermic reaction of one or 
sore organic ocnpounds wLth steam and/or ca Tt y m di ox i de at a 
tenperature of 700 to 1500 and a pcessure of to 80 bar; 
and parti^T oKidation of oaae or more gaseous fuels witii an 
os^gen-oontaining gas in the presence of steam a ga seous 

product is produced and thermal energy for said endot hermic 
reaction is provided. 

2. A process according to claim 1^ v*erein the gaseous fuel 
is natural gas. 

3. A process according to either preceding claim, vAierein the 
par^-^^T oxidation is conducted at a tenperature of 1100 to 1500 •^C 
and a pressure of 5 lx> 100 bar. 

4. A process according to az^ preceding claim, vAierein the 
partial oxidaluon Is carried out in a partial oxidation zone, 
the enaothermic reaction is carried out in an endothermic re- 
action zone, and products of the partial oxidation are fed froai 
the partial oxidation zone into the endot hermic reaction zom. 

5. A process according to claim 4, wherein one or more organic 
conpounds are heated together with steam and/or cadMn di ox ide 
before entering the endothermic reaction zone. 

6. A process according to any preceding claim , iiAierein said 
one or nore organic conopounds oonprise one or more s a t u r ated 
or unsaturated hydrocarbons having 1 to 3 carbon atoms in the 
molecule. 

7. A process according to any preceding clcdm, wherein said 
one or more organic ccnpounds oonprise one or more products of 
the Pisoher-Tropsch, methanol or Cbco synthesis. 

8. Process according to any one of claims 1 to 7, 
characterized by the fact that the endothermic reaction betsieen 
the organic compounds and steam and/or carbon dioxid e is carried 
out in a fluid bed reactor in \*iic4i a tenperature of 800-950 
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is advantagecoisly maintained by rcxiting the organic c c up cunds 
and at least part of the hot product gas from the partial 
CDcidatim reactor together with steam and/or CO^ through a fOmd 
bed of particulate catalyst. 

9. Process according to ai^ one of claims 1-7, characterized 
in that the ^idothennic reaction between the organic ccqpounds 
and steam and/or carbon diopcide is carried out in a fluid bed 
reactor in v?hich a tenperature of 800-950 is advantageously 
maintained by routing the organic ccii|juu n ds together with steam 
and/or carbon dioscide through a fluid bed of particulate cata- 
lyst, vdiich catalyst hais been indirectly heated by means of at 
least part of the hot product gas frcm the partial oxidation 
reactor and thereafter has been reciixulated to the endothezmic 
fluid bed reactor. 

10. Process according to any one of claims 1 to 7, characterized 
fay the fact that the endotherroic reaction between the organic 
ccnpounds and steam and/or carbon dioocide is carried out in a 
fluid bed reactor in \idiich a tenperature of 800-950 is 
advantageously maintained fay routing the organic ocnpounds 
together with steam and/or carbon dioocide tiircui^ a fluid bed of 
particulate catalyst which is indirectly heated by means of at 
least part of the hot product gaa f ro m the partial oxidation 
reactor being passed throu^ at least one pipe situated in the 
fluid catalyst bed. 
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@ Production of gas mixtures containing hydrogen and carbon monoxide. 

@ A process for producing a gas mixture containing 
hydrogen and carbon monoxide, comprising: endothermic 
reaction of one or more organic compounds with steam and/ 
or carbon dioxide at a temperature of 700 to 1500 X and a 
pressure of up to 80 bar; and partial oxidation of one or more 
gaseous fuels with an oxygen-containing gas In the presence 
of steam whereby a gaseous product is produced and 
thermal energy for said endothermic reaction Is provided. 



0. 
ui 



Cfoydon PtiminB Compwiy Lut. 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



01 68892 

Application nmnter 

EP 85 20 1149 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiagoiy 



CRation ei doeumml with indieatioii. wlwm appreprtali^ 



Ratavant 

to claim 



CLASSIFICATION OF THE 
APPLICATION (Int a.') 



GB-A- 

COXJNCIL) 



B 9- 



401 (THE GAS 



1, lines 40-55; 
; claim 1; £igu 



1-4 



page 2, 
* 



DE-A-3 345 088 (LINDE AG) 
* Claims 1,3,7 * 



1-3 



FR-A-2 532 192 
* Page 2, lines 
lines 1-29; 



(FOSTER WHEELER) 
30-36; page 3, 
1 * 



8-10 



GB-A-2 139 644 •( IMPERIAL ' 
CHEMICAL INDUSTRIES PLC) 
* Page 1, lines 30-38 
claim 2 * 



1-3 



,43-51 



GB-A-2 021 635 (RUHRCHEMIE AG) 
* Claims 1-3 * 



1-3 



Tha p i aat m aaareh laport haa baan drawn up for an ciaima 



C 


01 


B 


3/32 


c 


01 


B 


3/34 


c 


01 


B 


3/44 


c 


01 


B 


3/38 



TECHNICAL FIELDS 
SEARCHED (Int. CI 4 1 



C 01 B 



Piac«of wareti 

THE HAGUE 



Dat« off comptation of ttw March 

10-06-1987 



Examinar 

MINI A.E. 



8 

8 

9 



CATEGORY OF CITED DOCUMENTS 

X : particularly ralevant If takan atona 

Y : particutariy ralavant If comkHnad with anothar 

doeumafit of tha aama eatagory 
A : tachnotogical background 
O: rK>n-writtan diaclotura 
P : intarmadiatadocufnafit 



T 
E 

D 
L 



thaory or principla undarlying tha invantion 
aarltar patant documant, but publiahad on. or 
aftar tha filing data 
documant citad in tha application 
documant citad for othar raaaona 



A : mambar of ttta aama patant family, eorraaponding 
documant 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant: 

Defects in the images include but are not limited to the items checked- 



BLACK BORDERS 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
l^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

2j color OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
12 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



•m\s 



